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STUDIES GH THE PHElJOL33ISULPHOISriC 
ACID METHOD iOR KETEHMIHIHG HITEATES IN SOILS. 
Introduction 
According to Tieman (l8) the estimation of no eubstanoe 
has so constantly occupied the attention of analytical chemietB 
(literally * enchained' them") as the determination of nitric 
acid; and Gill (13) says, "No determination requires more care, 
or occasions more trouble.in its execution, or is more unsatis­
factory when finished, than the one in question". 
Three general methods are used: 
I The Zinc-Iron Reduction Method 
H The Tleman»Schul«e Method 
III The Colo rime trie Method 
The last two are direct methods. Other direct methods 
that ha^e attracted attention are those of Schlossin-Reichardt 
(20), Crum-Lunge (21), and Marx-Trommedorf (22). These methods 
are best suited only when relatively large amounts of nitrates 
are present, and in water analysis this would necessitate the 
evaporation of a large quantity of water. 
The phenoldisulphonic acid method is another direct method 
that has received much attention from soil chemists and soil 
bacteriologists during the past ten years. It originated with 
Sprengel (23) in 1863, then for some time fell into disuse, but 
in 1885 it was revived by Grandval and Lajoux (24). Afterwards 
articles appeared by Pox ( 2 5 ) ,  Johnson ( 2 6 ) ,  LinA. ( 2 7 ) ,  Smith ( 2 8 ) ,  
^ o I 
l^artram (29) ^ and Hskzen and Clark (30}« 
Hazen and Clark (30) as veil as the German chemists har^ 
criticised the method severely. On recommendation of the 
Assiclation of the German E3q>eriment Stations (31) the Halle 
Station, after an investigation as to the most reliable method 
for the determination of nitrates in soils and fertilizers, 
selected the Zinc-Iron Reduction Method as being the most 
accurate* 
T H E  C O L O R I M E T R I C  M E T H O D  
COMPOSITIOH OP THE REAGENT AtlD OP THE REACTIOU PRODUCT 
There has been much discussion as to the exact composition 
of the compoiand formed by the action of phenoldisulphonic acid 
on a nitrate residue. Sprengel (23) refers to it as picric 
acid. Grandval and Lajoux (24) claimed their reagent contained 
a monosulphonic acid, and the yellow color obtained in the final 
reaction was due to the formation of an alkali salt of picric 
acid. Fox (32) published a modification of Grandval and Lajoux's 
I method holding that monopheholsulphonic acid was in the reagent 
j and picric acid in the final product. Andrew (33) contends the 
I reagent is nitrophenolsulphonic acid, while Hontenari (34) says 
I 
it is dinitrophenol. Gill (13) claimed his reagent to be an 
acid of definite composition -• a pure disulphonlc acid 
(CgH30H(S02H)g) in the following position; OH:S 03H;«1:2:4. 
Chamot and Pratt (4) confirm the statement of Gill (13) as to 
the composition of the reagent and state also that the yellow 
color of alkaline solutions of water resljdues treated with the 
standard phenoldlBuXphonic acid reagent is due to the tri-
potassium salt of nitrophenoldisulphonic acid ' 
llhese investigatora found, tooj traces of picric acid, hut only 
detectable by mi CEO chemical methods, when the nitrates ran as 
high as fifty parts per million* ^Hien the nitrates were heated 
longi or quantity was highj appreciable amounts of picric 
acid were formed-* 
SOURCBS OF ERROR MENTIONED BY VARIOUS INVESTIGATORS 
Errors Due to Mechanical Losses on Evaporation 
or During the Addition of the Acid Reagent 
Many investigators report loeaes during the time of 
evaporation on the water bath. Leeds (35) and Fox (25) 
have shown that nitrates are volatile at SCO® and even at 
lower temperatures. Gill (13) found a loss of one per cent 
at ordinary temperatures, say 20®, and at 65® a lose of three 
and one-half per cent» He found also greater losses when 
larger amounts of nitrates were used* 
Chamot and Pratt (5) found the losses on evaporation to 
be 80 small as not to be appreciable except when chlorides and 
carbonates were present in the solution. Other investigators 
found losses of nitrates on the water bath« but they claimed 
that these losses toblc place only when certain other interfering 
salts were present* 
Errors Due to Presence of Organic Matter 
The presence of organic matter interferes with the determi­
nation since the sulphuric acid acts upon it producing a brown 
coiox> thus masking the desired yellow tint* Various methods 
have "been suggested for removing the organic matter, such as 
cartoon black (l6), potash, aliua, aluminum cream, basic lead 
acetate, potassium permanganate, lime, copper sulphate, etc. 
^itson and Kind (14) used alum in their work on nitrates, 
but many investigators object to its use since the SO radical 
4 
occasions losses of nitrates on the water bath* 
Chamot and his oo-vorkers (5) state that aluminum cream 
produced best results in their hands, yet Lipman and Sharp (S) 
say, *Aaong the substances used to coagulate clay and organic 
matter from solutions in which nitrates are to be determined, 
potash aim, alximinum or earn, and bone black have been found to 
be decidedly unreliable. They all induce large losses of 
nitrates.** Lipman and Sharp recommend CaO as a flocculent in 
preparing the soil solution, claiming that the losses incurred 
are very small except when large amounts of CaO are employed. 
J. 0. Lipman and P. E. Brown recommend the use of lime in 
their manual on Soil Bacteriology# 
Errors Due to Presence of Carbonates in Solution. 
Perhaps the greatest difference of opinion arises with 
reference to the influence of carbonates in the determination 
of nitrates. Gill (13) fo.und that sodium carbonate, when added 
to the standard nitrate solution, caused a three per cent loss, 
but when chlorine, in quantities of seven parts chlorine per 
100,000, was added the loss was as great as twenty per cent« 
•5 
Weston (36) and his assistant. Miss Helen R. Homer, 
desionstrated that ostrbonates produced appreciable error in 
I the phenoldieulphonio acid method. They used in triplicate 
I two and five miliigraaas of calcium carbonate and found the 
losses to be thirty^three percent and sixty-six per cent 
i reBpectlvely, The experiment was repeated using smaller 
I quantities of both nitrate solution and calcium carbonate# 
In this instance the loss of nitrates was also large. These 
losses were attributed to the carbon dioxide evolved and not 
to the presence of the baae (calcium, sodium, potassium, etc.). 
In another experiment three samples were prepared, and after 
having been treated with the acid and diluted with water, 
carbon dioxide was passed into each for five, ten and twenty 
minutes respectively. The losses were twenty, forty and fifty 
per cent respectively. When samples were evaporated in an 
I atmosphere of carbon dioxide no IO0O of nitrates was found in 
1 
\ the determination. 
! 
I Chamot and Pratt(5) claim the loss of nitrates in the 
presence of carbonates insignificant except when the quantitiee 
of nitrates are low or the alkalinity of the solution very high. 
Under these conditions they suggest the application before 
evaporation of a sufficient quantity of 0.®2H, sulphuric acid 
nearly, but not quite to neutralize the alkalinity, 
j Lipman and Sharp (3) as well as Kelly (8) found no losses 
I of nitrates in the presence of sodium carbonate. 
Errors 3Xie to Presence of Sulphates. 
Liiaaaa and Sharp (s) in their extensive work on the 
effect of various salts on the nitrate determination by the 
phenoldisulphonic acid method discovered losses when sodium 
sulphate was present. 
They found that when 30 milligrams of Na^SO^ were used 
the losB of nitrates was 46 per cent. This lose, as they be­
lieved, took place on the water bath and must be due to the 
expulsion of nitric acid, brought about by the combined action 
of heat and the sulphate radical. r'ince they found no loss of 
nitrates when the dry salts KNO and Na SO. are mixed before 
3 2 ^ 
the application of phenoldisulphonic acid, they concluded that 
the loss takes place during the evaporation of the nolution. 
They found also that the loss with potash alxim was as high as 
38 per cent* These investigators, in referring to the use of 
saturated alum solution, aluminum cream, and bone black for 
\ the purpose of precipitating clay and organic matter, say, i -
"Our results show very strikingly that none of the materials 
mentioned may be employed in the nitrate determination with­
out incurring serious losses"/ 
I Kelly (8) in experiments with (l) Ha^SO^, (2) K^SO^, 
I (3) (5) CaSO^ found considerable 
I losses with 1 and 3; slight, but not concordant losses with 
I I 2, and no losses with 4 and 5. Repeated determinations were 
made, but he found it difficult to obtain concordant results 
with sodium, potassium and amraoniimi sulphate. He thought the 
variation due proba'blj'^ to differences in rate of evaporation 
and differences of temperatxjTG of the Biaaplea. Kelly does not 
agree with Lipman and Sharp (3) as to their explanation of the 
oauseB of the losses incurred by evaporation. He says no action 
should take place on the water "bath, if the sulphate is completely 
combined in the normal sulphate combination. He thought that 
perhaps either the sodium sulphate ma^. contain small amounts of 
acid sulphate, or that hydrolysis may take place resulting in 
the formation of acid sulphate. Since he now believed the looses 
to be due to the presence originally of acid sulphates, or to 
the formation of acid sulphatea while the solution Is evaporating, 
he suggested that sufficient carbonate be used to convert the 
acid sulphate to normal sulphate. Kelly (s) prevented the loss 
of nitrates in the presence of sulphates by the use of sodium 
carbonate• 
Errors 'Due to Presence of Chlorides. 
Various investigators have demonstrated that chlorides 
play a greater role then that of any other salt in producing 
losses in the determination of nitrates the phenoldisulphonic 
acid method. 
Gill ( i s )  recovered only 60 per cent of nitrates when 
7 parte per 100 000 of sodium chloride were usod with the 
ordinary quantities of the standard KNOg, evaporation having 
been carried on at 100^. When he used a small amount of KHO_ 
3 
with a concentration of 7 parts 0^UaCi per 100 000 and evaporating 
the solution at 20® over sulphuric acid he recovered 97 per cent 
•>8»» 
of the nitrafes originally preBent, Ho error in the determination 
i was noticed when the chlorine was as small as 2 parts per 100 OOO* 
Stewart and Greaves (ll) otate that the loss of nitrates in 
; the presence of chlorine does not begin until the quantity of 
chlorine is above 2 parts per nillion, and that the amount of 
loss with the increase of chlorine up to 30 pats per million 
was about ten per cent of the amount present, i. e., concentra­
tions of 10, 20 and 30 parts per million of chlorine would each 
produce the ten per cent of loss.-
These investigators (lO) in a later paper show that their 
results are confirmed by the results of Lijanan and Sharp (s) as 
to the per cent of loss occasioned by the presence of chlorine. 
Chamot and Pratt (5) claim that when less than ten parts 
per million of chlorides is present, the loss is too irregular 
to permit of correction, and that when more than 10 parts per 
million of chlorine is present the loss is 30 per cent. These 
investigators suggest the following as a mode of procedure: 
"The procedure which has given us the best results and 
eliminates ammonia consists in determining the chlorine present 
in the sample to be used for the determination of nitrates adding 
such a volume of a solution of silver sulphate as -will remove all 
Tout about 0.5 pf a part per million of chlorine, heating to boiling, 
adding a little "aluminum cream" to aid in clarifying and to 
remove the color, filtering and evaporating to dryness on the 
water bath, the residue is then treated with sulphonic acid as 
usual. As thus practiced thJe method becomes very little longer 
than without the removal of chlorides and requires substantially 
no more time than that of Marcille" (37). 
Chamot and ^ att in this same paper show that chloroform 
I occasions losses of nitrates when used with lime to prevent 
I denitrification. The lime acts upon the chloroform, as they 
i claim, producing ionic chlorine which in turn causes lotsc of 
I nitrates. They suggest the following reaction: 
2CHCI3 + 4Ga(0H) « (HCOO) Ca + SCaClg + 4H_0. 
I In artificial nitrate solutions when no chloroform was 
I used no loss of nitrates was found, "but when chloroform was 
I used conconiaiit results could not be obtained, although the 
losses were very great, varying from 7 to 77 per cent. 
In determining the nitric nitrogen in a rich 00il v/ith lime 
as flocculent and without chloroform they found a loss of 
5 Mgs. of nitric nitrogen. V/hen lime was used with chloroform 
in a poor soil the loss was as much as fifty per cent of the 
nitrates present. 
Errors Due to Presence of Iron. 
Chamot and Pratt state that v;hen much iron is present 
and when the alkali is added slov/ly to develop the color, a 
brown or red solution is obtained, but that this color may be 
destroyed by adding a slight excess of alkali thus forming a 
precipitate of iron hydroxide and the yellow color of nitro-
phenoldisulphonate. The red solution is a warning that much 
iron is present and must be removed. 
They state also that nitrites present in small amounts 
do not appreciably affect the results, but that when nitrites 
are high they must be destroyed or corrected for. 
10 
I SCOPE OF THE IITVESTIGATIOIIS. 
After making a thorough study of the phenoldisulphonic acid 
I method of determining nitrates and noting the raany eources of 
error in the method the v/riter concluded that unless something 
! could he done hy some one to lessen the sources of error or niak0 
: corrections for sasiei the raethod sho^^ he given ujj. Proznptsd 
I the .hope of finding additional sources of error, and feeling 
I that perhaps a way might be found to remedy some of the known 
I defects in the method, the writer hegan his investigations. 
The investig-ations of the writer now follow: 
REAGElfTS AND AT^PARATUS. 
1. All reagents were tested for purity "before using. 
I The standard nitrate solutions were made up according 
I to the U. S* Bureau of Soils (2), and used in the determination of 
I nitrates in the first ten tables of results shown herein. The 
I standard solution for the remainder of determinations was made 
I after Hill*s procedure (7). 
! 
I 3« Throughout the whole work Chamot and Pratt's (6) modified 
{ 
I phenoldisulphonic acid reagent was used. 
I 4. The color was alwa^'-s developed with a concentrated KOH 
I solution. 
I 
I 6* Colors were oompared in the regulation comparin^^ tubeso 
I The Sargent-Ken ni 00 tt colorimeter was used occasionally as a 
I 1 check on the work. 
In obtaining results as shown in Tables XXVI * XXX 
InoluslTGi the wrttier used a colorimeter manufactured by 
Lenz and Fauman , ISfew York# 
EFFECT OF Aia^OHIA FUMES ON THE IJlTlfJRMINATIOII. 
I It was thought adid^ble t& ascertain if ammonia fumes 
in the laboratory would affect the results in the evaporating 
process on the water bath* Shallow dishes containing 
aaimonium hydroxide were placed in the hood. Here samples 
of known nitrate content were evaporated and compared with 
I sas^les evpiporated in the laboratory* The aomonia fumes 
did not affect the results* In a second experiment 
ammonium hydroxide was boiled in the hood with other samples, 
so that the fumes were given off profusely, and these samples 
were evaporated; nitrated determined and compared with 
samples evaporated away from the presence of ammonia. In 
I 
I this second experiment no loss of nitrates was obtained, 
i 
i 
I EFFECT OF IXELAY IH APPLICATION OP PHENOLDISULPHOKIG 
i 
I ACID AFTER EVAPORATIOH 
Aseries of nitrate solutions were evaporated todryness 
and after a delay of 24, 48, and 72 hours, the phenoldisulphbnic 
acid was added. The results showed that the delay in the 
application of the phenoldisulphonic acid had no effect whatever. 
A second series was prepared and equal quantities of the 
acid was applied immediately after evaporation and left in 
AA«+.ttr»+. unAnucLl TiAT»4ftdB nf t.injiai. 
The following table shows the results of this experiaieafeJ" 
Table 1 
Tine in Contact Kitrates Added 
Hgs. 
Hitratee Found 
Mgs. 
10 minutes 
30 minutes 
1 hour 
24 hours 
.004 
.004 
•004 
,004 
•004 
.004 
.0035 
.0035 
The phenoldisulphonic aoid should not be in contact longer 
than 30 minutes before taking up with water and adding the alkali 
to bring out the color. 
EPFBCT OP LIGHT AHD TI5IE ON COLOR MATERIAL 
Three solutions were prepared and the color developed. 
Number 1 was read immediately. Humber 2 was left on the lab­
oratory desk for 24 hours. It was thus exposed to light for 
about twelTe hours. Humber 3 was placed in the dfirk room for 
24 hours. Table XX shows results obtained: 
Table XI 
Treatment Hitrates Added Hitrates Found 
Ho. 1 Immediate Heading .004 .004 
Ho. 2 Left on Lab. Desk 24 hours. .004 .0025 
Ho. 3 Left in Dark Room 24 hours. .004 .0036 
We conclude that readings should be made without delay 
after the color is developed. 
•13 
METHODS OP APPLYING THE ACID 
The next experiment was planned for the purpose of find­
ing the effect of methods of applying the phenoldisulphonic 
acid to the dry residue in the nitrate determination. The 
aoid was applied as follows: 
Kq« 1 j|eld applied to salt without stirring. 
Ho* 2. Aoid applied and stirred with a glass rod. 
No. 3 Acid applied tis^ile hot. 
No ^ ^riation was found in the results. 
EPEECT OP TEMPERATURE WHILE KOH IS BEING ADDED. 
At various times we observed that in the application of 
KOH for the purpose of developing the color much heat was 
evolved and sometimes violent action occurred. A series of 
experiments was carried on to find the influence of tempera­
ture during the time KOH was being added. Table III gives the 
results of this experiment^ 
Table III 
Treatment Nitrates 
Added 
Nitrates 
Pound 
No. 1 Solution kept at room temperature .010 Mgs. .010 Mgs 
No. 8 Solution heated by reaction .010 Mgs. .010 Mgs 
No. 3 Heated to 80® C *010 Mgs. .010 Mgs 
No. 4 Heated to 100® C( .010 Mgs. .010 Mgs 
No. 5 At freezing temperature (on ice) .010 Mgs. .0096MgB 
••X4" 
IPBSCT OP COKCJEBrTRATED SOLUTION WHEH KOH IS ABEBD 
After the application of phenoldiBUlphonic acid, when 
the salt is taJcen up with water, if the solution is highly 
concentrated, a precipitate is sometimes formed on the addition 
of KOH, This phenomenon suggested a series to find whether the 
concentration of the solution at this point affected the results. 
Tahle IV shows no variation in results whether the solution just 
"before the addition of KOH was dilute or concentrated. 
Table IV 
Condition of Samples Nitrates 
Added Mgs. 
Hitratea 
Found Mgfi. 
Ho. 1 Concentrated solution (25 cc) ^025 .025 
No. 2 Concentrated solution (25 cc) .025 .025 
Ho. 3 Dilute solution (50 cc) .025 .025 
Ho* 4 Dilute solution (50 cc) .025 .025 
EPFECT OP SALTS 
The writer carried on experiments to ascertain the effects 
of Had, NagS^l^, KaCO^i mixed alkali salts, and the ions of 
KCl, MgClg and HaCl on the loss of nitrates. These results 
confirm in a general way the results of Lipman and Sharp (3) 
in experiments with these same- salts. Tables V, VI, VII, VIII 
and IX show a comparison of Lipman and Sharp's results with 
those of the writer. 
•15-
Table V 
EPPECTS OF HaCl 
HaCl Added in Hgs. K Added as Hitrates 
5B. 
H Found 
h 
as Nitrate 
%8. 
Lljifeiaa Davis Lipman Davis Lipman Davis 
• 26 .25 .050 .004 .045 .001 
orm .50 .50 .050 .004 .041 .0006 
1 1.00 1.00 .050 .004 .035 .00064 
ing 2.50 2.50 .050 .004 .026 .00052 
.25 .25 .050 .002 .038 .00168 
ing 
.50 .50 .100 .004 .070 .00312 
titles 
1.00 1.00 .250 .010 .215 .00476 
ot|[ 
X.50 1.50 .500 .020 .460 .00833 
and 
2.00 2.00 1.000 .040 .940 .01818 
2.50 2.500 
• 
2.300 
-16-
TABLS VI 
EFFECTS OF HagSO^ 
J 
ai«B 
onu 
at«8 
Ing 
om 
iktee 
Ittg 
in 
M£ 
N Added as Ni.tpate N Found as Nitrate 
lag 
Livman DavlB Licman Litman Davis 
1.000 1.000 .0500 .0040 .0480 .00200 
5«000 5.000 .0500 .0040 .0420 .00208 
10,000 10.000 .0500 .0040 .0400 .00208 
20.000 20.000 .0500 • 0040 .0280 .00184 
30.000 30.000 .0500 .0040 .0270 .00X52 
15.000 15.000 .1500 .0020 .1420 .00120 
15.000 15.000 .5000 .0040 .4950 .00272 
15.000 15.000 1.0000 .0100 .9000 .00424 
15.000 15.000 2.0000 .0200 1.9500 .00571 
15.000 15.000 3.0000 .0400 2.8500 .00909 
1.000 1.000 .1500 .0020 .1420 .00200 
5.000 5.000 .5000 .0040 .4800 .00264 
10.000 10.000 1.0000 .0100 ,9200 .00740 
20.000 20.000 2.0000 .0200 1.9300 .01600 
«17 
TABLE VII 
EPEECTS OF HagCOg 
HOgCOj Added H'. Added as Nitrate H. Pound ae Nitrate 
Mgs. MgB. Hgc. 
2»ix>man Davie Liman Davis Livman Davie 
1.00 1.00 .1000 .004 .0995 «0040 
2.50 2.50 .1000 .004 .1040 .0040 
5.00 6.00 .|000 .004 .1010 .0045 
10.00 10.00 .1000 .004 .1010 .0042 
20.00 20.00 .1000 .004 .1020 .0040 
30.00 30.00 .1000 .004 .1020 .0037 
-i8-
TABLE VIII (Llpman) 
EFFECTS OP MIXED ALKALI SALTS 
UaSO^ HaCl H Added ao N Pound as 
Nitrate Nitrate 
MRS. • 0
3 MKB. MFFS. • FES. 
1 1 1 .1000 .065 
5 5 5 .1000 .026 
3.0 10 10 .1000 .021 
20 20 20 .1000 .017 
w 1 mm .1000 .082 
6" 9 mm .1000 .081 
10 10 mm .1000 .075 
20 20 mm .1000 .077 
1 1 • 1000 .061 
5 4mm 5 .1000 .060 
10 mm 10 .1000 .055 
20 mm 20 .1000 .028 
... 1 1 .1000 .050 
«»«» 5 5 .1000 .042 
mm 10 10 .1000 .033 
20 20 .1000 .030 
10 A^O 10 •2000 .086 
10 10 10 .5000 .125 
10 10 10 1.0000 .360 
10 10 10 2.0000 1.140 
-19-
TABLE IX (Davis). 
EFFECTS OF MIXED ALKALI SALTS. 
NaaCOs 
Mgs. 
Na2S04 
Mge* 
HaCl 
Mgs* 
N. Added as 
Nitrate 
Mgs. 
H. Found as 
Nitrate 
Mgs. 
1 
5 
10 
20 
1 
5 
10 
20 
1 
5 
10 
20 
.004 
.004 
.004 
.004 
.00360 
.00312 
.00280 
.00192 
1 
5 
10 
20 
1 
5 
10 
20 
•*«» 
• •  m 
.004 
.004 
.004 
.004 
.00360 
' .00368 
.00280 
.00288 
1 
5 
10 
20 
«M «• 
M m 
1: 
5 
10 
20 
.005 
.004 
.004 
.004 
.00400 
.00328 
.00272 
.00240 
«» 
(»«» 
«»4M» 
mm 
1 
5 
10 
20 
1 
5 
10 
20 
.004 
.004 
.004 
.004 
.00260 
.00240 
.00260 
.00176 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
.002 
.004 
.008 
.016 
.00120 
.00266 
.00406 
.00588 
"»S0 
TABLE X. 
EPEECT OF lOHS. 
KGl Mgcie NaGl N. Added H. Found 
Mgo. Mgs. Mgs. Hitrate as Nitrate 
Mg 5 .  Mgs • 
Lipman Davis Lipman Davis Lipman Davis Lipman Davis Lipman Davis. 
' 1 1 mt» a» m m mm .1000 .004 .070 .00344 
5 5 m m m m mmm mm .1000 .004 .063 .00256 
10 10 .1000 .004 .055 .00144 
20 20 .1000 .004 .050 .00136 
1 1 mm .1000 .004 .057 .00264 
5 5 mm .1000 .004 .028 .00120 
10 10 m m .1000 .004 .016 .00086 
mm 20 20 
— 
.1000 .004 .011 .00064 
mm mm m mm 1 1 .1000 .004 .065 .00256 
«mm mm mm m m 5 5 .1000 .004 .043 .00224 
mm mm 10 10 .1000 .004 .035 .00208 
•M «• m mm 20 20 .1000 .004 .038 .00200 
EFFECT OF NaC2H302 
Since Lipman (3) aa well aa the writer found the 
effect of chlorides, sulphates, and carlaonates to decrease in the 
order mentioned, the latter producing slight loss if any, it was 
believed another salt with a wealc acid and a strong hase as sodium 
acetate might not occasion any loss whatevef. Sodium acetate was 
then used in this experiment and our supposition was right as the 
results in the following table showJ 
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TABLE XI. 
NaC2H302 
Mgs. 
H. Added as Nitrate 
Mgs. 
N. Found as Nitrate 
Mgs. 
1 .025 .025 
5 .025 .025 
10 .025 .025 
20 .025 .025 
EFFECT OP KCl ADDED JUST BEFORE DEVELOPIJfG COLOR V/ITH KOH. 
As the presence of KCl salts produced such enormous 
losses we began an experiment endeavoring to find just where 
these losses occurred. Five sampleB containing .025 Mgs. each 
of KNOg were evaporated and 2 c»c. of phenoldisulphonic acid 
was applied. After ten minutes of contact 25 c.c. of nitrate-
free water was added, then KCl salts were added "before develop­
ing the color with KOH. Tahle XII shows no variation in re­
sults: 
TABLE XII. 
'I - • • •• ' • •' 
KCl N. Added as Hitrate H. Found as Uitrate 
Mgs. Mgs. Mgs. 
0 . . .025 .025 
1 .025 .025 
5 .025 .025 
10 .025 .025 
20 .025 .025 
KCl salts had no effect when applied just before developing 
the color. 
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ADDITION OF KCISALTS APTER DEVELOPING THE COLOR. 
Another series was prepared as "before, "but the KCl 
salts were added after the color was developed. The results 
were as follows: 
TABLE XIII 
KCl 
Mgs. 
N. Added as Nitrate 
Mgs. 
K. Pound as Nitrate 
Mgs. • 
0 .025 .025 
1 .025 .125 
5 .025 .025 
10 .025 .025 
20 .025 .025 
EXCESSIVE AJilOUNTS OP KCl SALTS ADIffiD APTER COLOR IS DE^HiXOPED. 
V/hen larger amounts of KCl salts were added as in 
Table XIV with no loss of nitrates. The results are given 
in the table "below: 
TABLE XIV. 
KCl N. Added as Nitrate H. Found as Nitrate 
Mgs, Mgs. Mgs. 
0 .025 .025 
25 .025 .025 
50 .025 .025 
100 .025 .025 
295 .025 .025 
EPPECT OP VARYIHG AMOUNTS OP STANDARD HITRATE SOLUTION 
AlTD UNIPORK AMOUIITS OP PKEKOLDISULPHOKIC ACID. 
A series v/ith a nitrate content from .01-25 to .200 
milligrams was not analyzed using uniform amounts of phenol-
disulphonic acid (S c.c.) throughout. The losn here v;ith 
the sample lowest in nitrates was 4 per cent; the sample 
highest in nitrates lost 30 per cent. 
TABLE XV. 
N. Added as Nitrate 
Mga. 
Amount of 
Phenoldi sulpho ni c 
Aci d-Mgo• 
I I .  Pound as Nitrate 
Mgs. 
.0125 
.0250 
.0500 
.0750 
.1000 
.2000 
2 c.c. 
2 c.c. 
c«c. 
C  *  0  •  
c.c. 
c.c. 
2 
2 
2 
2 
.0120 
.0250. 
.0446 
.0625 
.0832 
.1388 
EPPECTS OP VARYING AMOUNTS OP NITRATE WITH VARYING AI^OmTTS 
OP PHENOLDISULPHONIC ACID. 
It was then decided to increase the amount of phenol' 
disulphonic acid in proportion to the amount of nitrates used. 
2 c.c. of this acid was used for every .025 milligram of 
nitrate. In this way a greater per cent of nitrates was re­
covered from the artificial solution. Here the maximxam loss 
was only 10 per cent as compared with a loss of 30 per cent 
in Table XV. 
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TABLE XVI. 
No» c.c. Phenoldisulphonic N, Added as Nitrate N. Found as 
Acid. Mgs. Nitrate 
Mgs. 
1 .0125 .0125 
2 .0250 .0250 
4 .0500 .0500 
6 .0750 .0695 
8 .1000 .0892 
16 .2000 .1800 
IIEMS OP PREVENTING LOSS OF NITRATES BY THE PHBINOLDI-
SULPHONIC ACID METHOD. 
The results of the last two eacperiments demonstrated 
the fact that when the nitrate solution approaches 100 parts 
per million, or more, the loss of nitrates is great even 
when there are no interfering salts present such as chlorides, 
sulphates, etc. On further investigation the writer was con­
vinced that much loss took place on the water bath as had 
"been suggested "by Lipman (3) and others. 
Three things suggested dissociation of KKOg on the 
I water bath: 
1 • (l) Slight or no loss of nitrates when sodium carbonate 
1 was added before evaporation, (2) recovery of more nitrates in 
I soil solution when CaO is used as a substitute for alum in 
i 
I i precipitating the clay in a soil solution. Not only does the 
use of CaO prevent the loss occasioned by the SO4 radical as 
in the case when alum is used as a flocculent, but the fact 
i 
I that CaO is an alkali prevents the loss of nitrate when the 
I KNO3 dissociates by uniting and forming Ca(N03)2« An excess 
of alkali prevents the formation of nitric acid; (3) a bit 
•*25" 
of "blue litmuB paper was placed In the KNO3 solution and it 
was noticed to have turned red just before the solution went 
to dryness. This was the first clue that furnished a solu­
tion for the prevention of loss of nitrates on the water bath. 
EFFECT 03? ADDING AMMONIA TO TIE IQIOg SOLUTION BEFOliE 
EVAPORATION, 
Since it had already been found that aiimonia fumes 
did not affect the loss or gain of nitrates a series was run in 
which each sample was kept amraoniaoal during evaporation. The 
results were as anticipated and will be seen in Table X7II. 
TABLE XVII. 
KMO3 Added N« Pound as Nitrate 
Mgs. . Mgs. 
.0125 .0125 
I .0250 .0250 
I 
I .0500 .0500 
1 .0750 .0760 
[; 
1 .1000 .1010 
\ In the last experiment the five samples were com-
T 
i pared to a standard containing .25 ligs. of KlTOj to which no 
I amtnonia had been added before evaporation as in case with 
the samples above. 
j EFFECT OF MAKING SOLUTION ACID BY THE ADDITION OF TWO 
j 
I DROPS OF HYDROCHLORIC ACID BEFORE EVAPORATION. 
1 
I As all nitrates were recovered by evaporation of 
the aznmoniacal solution, another experiment suggested itself, 
i.e., to find the effect of adding two drops of concentrated 
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occasioned the loss of all nitrates. 
Observe Table XVIII below. 
TABLE X7III. 
KNO3 Added HCl Added N. Foimd as Nitrate 
Mgs. Mts. Mge. 
.0125 2 Drops 0 
.0250 2 " 0 
.0500 2 " 0 
.0750 2 " 0 
,1000 2 " 0 
It was now believed that the loae of nitrates could 
be prevented on the water bath provided the solution v/aa kept 
alkaline during the evaporation process. 
EFFECTS OP K2Al2(304)4 
It was desired, if possible, to prevent loss occa­
sioned by the use of potash alum as a flocculent in preparing 
the soil solutions for analysis. 
Lipman and Sharp (3) in speaking of the phenoldi-
sulphonic acid method in determining nitrates say, "So that 
while we deem it unsafe in the presence of considerable quan­
tities of salts containing chlJlrides and sulphates to determine 
nitrates by the phenoldisulphonic acid method, and would there­
fore recomnend the Street (l7) modification of the Ulsch method 
(38) in such cases, it is likewise clear that many of the ni­
trate determinations made in soil laboratories, as is especially 
the case in soil Taoteriological work, would not be interfered 
with by salts. In such cases the method can- be safely depended 
upon if potash alum, aluminixni creem and bone black are not 
used to coagulate the clay and organic matter, since they 
have been found in the researches above described to be 
productive of very seriouc errors". 
Since ammonia is highly volatile, saturated solution 
of KOH was substituted in keeping the solution alkaline on 
the v;ater bath. Here the use of KOH prevented the lose of 
nitrates on the water bath, so that we v/ere able to recover 
all nitrateswhen the samples contained from 5 to 150 milli­
grams of potaoh alum before evaporation. Lipman and Sharp 
(3), however, lost as High as 38 per cent of nitrates when 
they used the same amounts of potash alum without the addi­
tion of an alkali before evaporation. Table XIX shov/s a com-
parison of the v/riter* s Lipman and Sharp's results. 
TABLE XIX. 
Added N. Added as titrate N. Pound as lUtrate 
Mgs. • 
Davis Lipman . , Davis Lipman Davis Lipmetn. 
M 9 •• 5.0 .050 M* .040 
02.5 12.5 .025 .050 .025 .036 
25.0 25.0 .025 .050 .025 .233 
50.0 50.0 .025 .020 .025 .031 
100.0 100.00 .0,25 .050 .025 .034 
150.0 150.0 .025 .050 .025 .040 
I In the previous e3q)eriment we have shown conclusively 
that K2Al2(S04)4 may be used as a flocculent in preparing the 
soil solution without incurring any losa of nitrates, then, 
since potash alum is undoubtedly the best flocculent in pre~ 
cipitating clay and organic matter soil chemists and soil 
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cheraistB and soil bacteriologists may safely continue its 
use as a flocculent provided the solution is kept alkaline 
on the water bath. 
EPiTECT OP KCl BY IffiW I/JITHOD. 
We now attempted to recover all nitrates in the 
presence of the chlorine radical. A series was prepared 
using from 1 to 20 milligrams of.KCl and evaporated down 
with excess of KGH as in the previous experiment. Here 
equal amounts of phenoldisulphonic acid was applied but rather 
violent action took place. Hydrochloric acid fumes v/ere no» 
ticeable* The results as shown in Table XX were startling. 
TABLE XX. 
KCl Added N. Added as Nitrate K. Pound as Nitrate 
MgB. Mgs. Mgs. 
1 .025 .0125 
5 .025 .0100 
10 .025 .0050 
20 .025 .0035 
This loss of nitrates, of course, did not take place 
on the water bath, but at the time the phenoldisulphonic 
acid was added. There v/as a noticeably large residue of 
potassium salts since KGH had been added to keep the solu­
tion alkaline and KCl had been added to the series. This was 
responsible for the violent action thus liberating much HCl 
vrfeich in turn brought about.losses of nitrates at this point. 
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EPEECT OP Ca(0H)2 IN PREVEHTIIIG TIIE LOSS OF NITRATES IN THE 
PRESEHCE OP CHLORIDES A? .Tlffi POINT WIEK THE PIIENOLLXSULPHOIIIC 
ACID IS APPLIED. 
To avoid the violent action when phenoidxsulphanic 
acid is applied it was decided to substitute saturated 
Ga(0II)2 (l5 c.c.) for KOH before evaporation. KCi was added 
in amounts as before. When the solutions want to dryness 
the residues v/ere found to be small, and we hoped the diffi­
culty had been overcome, but we were much disappointed as 
the results in Table XXI -.vill show. 
TABLE XXI, • 
KCl Added N. Added as Nitrate N. Pound as Nitrate 
Mgs, Mgs. Mgc. 
1 .025 .0250 
5 .025 .0220 
10 . .025 .0195 
20 .025 .0140 
Here with 20 milligrams of KCl we obtained a loss 
of forty-four per cent. Tliis was better than in the previous 
experiment, yet the loss was still too great. In the last 
experiment the chemioal action was slight and still HCi 
fumes were noticeable when the acid was applied. 
Another trial v/aa made as previously done except that 
the phenoldisulphonic acid was added slowly|: drop by drop, 
in an effort to reduce the action. The results were as 
followB: 
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TABLE XXII, 
KGi Added N, Added as Nitrate N- Found as titrate 
Mgs. • Uga. Mgs, 
1 .025 .023 
5 .025 .023 
10 .025 .019 
20 .025 .014 
•"-^"iCLl another trial was made. Numbers 1, 2, 3, and 
the £3tandard were treated as "before, i.e., 4 c,c, of phenol-
disulphonio acid was applied to each, "but in number 4 an 
excess of phenoldisulphonio acid was used (about 12 cc), and 
instead of adding the acid slowly it was flooded over the 
dry residue quickly. The results were as follows: 
TABLF XXIII. 
KCi Added N. Added as Nitrate N. Found as Nitrate 
Mga. Mge. KgB. 
Ho. 1 1 .025 .0225 
No. 2 5 .025 .0220 
No. 3 10 .025 .0200 
Ho. 4 20 .025 .0250 
The treatment of nuaber 4 in Table XXIII shows neans 
of preventing loss of nitrates at the tine of application of 
phenol disulphonio acid. We nov/ decided to apply the treat­
ment of number 4 in the above table to a whole series. This 
was done -ind gave results free from loss of nitrates as seen 
in the following table: 
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TABLE XXIV. 
KCl Added H. Added as Hitrate N. Pound as Nitrate. 
10 
10 
10 
10 
.025 
.025 
.025 
.025 
.025 
.025 
.025 
.025 
EFFECT OF Na2S04 BY "EW IIETHOD. 
Kelly (s) made a studi^ of the effedtn of sulfates 
on the determination of nitrates, using Na2S04.(NH4)2E04 
and CaS04. Since his greatest IOSB occurred in the presence 
of Wa2S04 we carried out an experiment with this s£uae salt 
by our nevr method. A comparison of our results with those 
of Kelly' 3 is given in Table XXV "below: 
TABIJ2 XXV^ 
NagSOA Added N. Added as Nitrate N. Pound as Nitrate 
Mgs MSS • SB. 
Davis Kelly Davie Kelly Davis Kelly 
1 1 .025 .275 .025 .275 
5 5 .025 .275 .025 .265 
10 10 .025 .275 .025 .225 
20 20 .025 .275 .025 .180 
im «» 40 
- - - -
.275 .140 
I The writer recovered all nitrates, while Kelly lost 
1 
I from 0 per cent to 32 per cent when 20 milligrams of sodium 
I 
j sulfate is used and 48 percent when 40 milligrams of sodium 
i 
I sulfate is used. 
I 
1 BAER'S ilETHOD - COPPJ'R SULPATK AS FLOCCULEirr. 
I Baer (l5) used cojpper sulfate as a flocculcnt in 
preparing the soil solutions for nitrate determinations. 
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After the solution was cl(irified with copper sulfate, ali* 
quot parts were measured out into Srleniaeyer flasks and the 
copper removed "by adding one gram of MgO. The flasks were 
stoppered and gently warmed and then filtered and washed, 
the filtrate was evaporated to dryness and the nitrates 
determined by the ordinary aiethod. V/hile CUSO4 is an ex­
cellent flocculent the writer has never "been able to recover 
all nitrates even by his modified Method. Since potash alum 
can be used as a flocculont and all nitrates recovered regard­
less of what other salts may be present, it seems to me there 
is no use of attempting to use copper sulfate since it is 
necessary to remove the copper before the determination can 
be made. 
APPLYING NEW ICETHOD TO TIDi: DETERMINATION OP 
NITRATES IN SOILS. 
As lime, copper sulfate and alum are considered 
good flocculents a comparison of these was made by the new 
method. Three 50 gram samples of soil were prepared and 
i' 
I placed in Mason jars v/ith 240 c.c. of distilled water. 10 
f 
I c.c. of saturated solutions of CaO, CUSO4, and K^Al2(804)4 
I 
I v/ere added respectively; the samples placed in shaker for 
1 thirty minutes. The determinations then v^ere made by the j 
I modified method with the following results: 
j Flocculent Used N. Found as Nitrate in Soil 
1 Solution. 
\ 
I No. 1 CaO -.1514 Mgs. 
j No. 2 CUSO4 .0925 Mgs. 
I No. 3 K2Al2(504)4 -1514 Mgs. 
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Another sample of soil wae taken and lime and 
alum used as flocculents* The acid solution with alum 
was tried Isoth "by new and old method* The following re­
sults were obtained: 
Plocculent Used. K. Pound as Nitrate in Soil. 
Ho. 1 CaO .1543 Mgs. 
Ho. 2 K2Al2(S04)4 (New Method) .1543 Mgs. 
No. 3 K2Al2{S04)4 Odd Method) .1025 Mgs. 
It was not suggested that a oojj^parison of the old 
colorimetric and modified colorimetric method "be tried on 
several soils of varied nitrate content. Alum was used as 
a flooculent in each case* 
Samples of soil were taken from the following plots: 
1. Corn 
2. Pallow 
3. Oat stuhble 
4. Alfalfa. 
The results are found in the following tahle: 
TABLE XXVI. 
Kind of Soil 
! 1. 
j 2.  
i 
I 
i 
I 4. j 
I You will observe that by the modified method greater 
smounts of nitrates were found with each soil except in case 
of the soil from the alfalfa plot. Here the results were the 
Nitrates in 100 Grams of Soil. 
Old Colorimetric Method : New Colorimetric 
Mgs. : Method - Mgs. 
Corn 
Pallow 
Oats 
Alfalfa 
1.1639 
.8798 
1.1060 
2.0382 
1.3403 
1.1639 
1.1245 
2.0382 
s 
same. Perhaps a heavy application of lime to the soil before 
seeding the alfalfa rendered this soil strongly alkaline and 
the presence of the jilkoli in the soil prevented loss of 
nitrates on the water "bath. 
Since in the last experiment the highest amount of 
nitrates found in the soil was over 2 milligrams, v/e tested 
the reproduciTdfility of the method in artificial solutions of 
Joiown nitrate content, using samples from .55 mgs. to over 
2 milligrams. The results given in Table XXVII show; that 
all nitrates were recovered. 
TABLE XXVII. 
N, Added as Hitrate N. Found as Nitrate 
Mgs. Mgs. 
.5535 .5535 
1.1070 1.1070 
2.2140 2.2140 
L!any investigators have asserted that the colori-
metric method was unreliable when large amounts of nitrates 
are to be determined. This objection prompted an experiment 
to find if as much as 4 milligrams of nitrate could be re­
covered in artificial solutions. The results are found in 
the following table: 
N. Added as Nitrate N. Pound as Nitrate 
Mgs. Mgs. 
1. 1.107 .1.107 
2. 4.428 4.428 
3. 4.428 4.428 
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Here all nitrates were recovered. The reproducibility 
of results are here unquestionably shown. 
APPLICATION OF TI£S MODIFIED PIIENOLDISULPHGNIC 
ACID IIETHOD TO SOIL BACTERIOLOGICAL WORK. 
Frequently large aiaounts of nitrates axQ obtained in 
the nitrification work in soil bacteriology. We decided to 
test the applicability of the method to work of this kind. 
NITRIFICATION EXPERIMENT. 
Soil samples were taken from the eoilB plots of the 
Iowa Experiment Station. The plots were as follows: 
Soil No. 101 from timothy sod. The timothy had just 
been cut. 
Soil No. 102, peat plot. Two and eight-tenth tons of 
i 
I peat had been added and kept fallow. 
I 
I Soil No. 107, check plot whidi had also been kept I fallow. 200 gram samples of each soil were placed in tmnblers 
in dulpicate. 200 mgs. of (NH4)2S0^ was dissolved in 60 c.c. 
I water said added to each tumbler. The incubation was carried on 
I for three weeks at room temperature. The tumblers were weighed 
I every six days, and the water lost by evaporation was restored. 
( 
I At the end of three weeks the nitrates were determined as 
( 
1 
I follows: 
j The samples were placed in shaker bottles with 800 
I o.c. of water. Aliim was used as the flocculent. After the 
1 
samples had been shaken 30 minutes, 25 c.c. portions in 
duplicate were evaporated to dryness with 15 o.c. of saturated 
CaO. The saEnples were treated with 5 o.c. portions of phenol-
disulphonic acid and compared with standard. Table XXIX showw 
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TABLE XXIX. 
Kind of Soil N, Found 
of 
as Nitrate per 100 Grams 
Soil - Mgs. 
Soil No. 101, Timothy plot 62.774 
Soil No. 101, <1 II 58.250 
Soil No. 102, Peat ft 66.086 
Soil No. 102, n If 57.564 
Soil No. 107, Che ok If 35.786 
Soil No, 107 , n II 29.016, 
That large amounts of nitrates can be detemined by 
the phenoldisulphonic acid method is here demonstrated. 
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S U M M A R Y. 
I. STUDIES ON THE OLD METHOD. 
Ammonia fumes in the laboratory do not affect the 
result in the determination of nitrates "by the j^Jinoldieul-
phonic acid method. 
Light affects the color material and readings 
should "be made without delay. 
Applying phenoldisulphonic acid vrithout stirring, 
stirring with rod, or applying while hot shows no difference 
in results. 
The temperature of the solution at the time the 
alkali is added to develop color shows no variation in re­
sults except at freezing temperature when a loss of 4 parts 
per million is found in a 100-part-per-million solution. 
In checking up Lipman and Sharp's work, "Studies 
on the Phenoldisulphonic Acid Method of Determining Nitrates 
in Soils", we found the loss of nitrates occasioned "by the 
addition of various salts to correspond with the results of 
these investigators; the maximum loss being caused "by the 
chlorine radical, and decreasing with sulfates and carbonates-
the latter producing little or no loss. The addition of a salt 
with a weak acid (sodium acetate) produced no loss of nitrates 
whatever. 
KCl salts added just before and just after the develoi>-
ing of the color by KOH produced no loss of nitrates. 
When uniform amounts of phenoldisulphonic acid (2 
c.c.) were used the maximum loss of nitrates, (or failure to 
recover) was 30 per cent; when proportional amounts of 
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phenoldisulphonic acid were used, i.e#, 2 c.c. for each .025 
milligrams, the maximura loss was reduced to 10 per cent. 
II, PREVEKTIHG LOSS OF NITRATES BY A MODIFIED MTHOD. 
Lose of nitrates was found to take place on the water 
"bath, and this loss was prevented "by keeping the solution 
alkaline during the process of evaporation. 
The addition of two drops of HCl in a solution con­
taining 25 parts per million of nitrates caused a loss of 
all nitrates. 
By the modified method we v/ere atle to prevent the 
loss of nitrates in the presence of chlorides, sulphates, and 
car"bonates. 
'(Then chlorides v/ere present, a loss of nitrates was 
found to take place on the addition of the pehnoldisulphonic 
acid. This loss was overcome "by evaporating solution to dry­
ness with excess of Ca(0H)2, and flo|(8ing an excess of phenol­
disulphonic acid quickly over the salt. 
I All nitrates in a soil solution can be recovered 
a 
I regardless of the salts present therein. 
( J 
I Potash alum may "be used as a flocculent in prepar-
1 
i ing the soil solution without producing a loss of nitrates. 
i By the old method the loss of nitrates in the presence of 
] 
I certain salts v/as often as high as 50 per cent. 
Since potash sdiun is an excellent flocculent, soil 
chemists, and soil TDacteriologists need not hesitate to em­
ploy its use provided they use the modified phenoldisulphonic 
, 
acid method. 
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